INTRODUCTION
In Brazil, sheep meat production has been expanding due to the increasing consumption of sheep meat. Supermarkets and specialized restaurants have been forced to import sheep meat, primarily from Uruguay, to supply the increasingly demanding market (TORRES et al. 2009 ).
Body weight, measured throughout the growth period, is the most important piece of information for the genetic evaluation and selection of sheep for meat production. Weight at specific ages is associated with different traits that are generally correlated with one another; this factor makes it critical to know the magnitude and direction of such correlations, given that the selection of one trait could promote changes in other traits. Growth traits, such as birth weight and weaning weight, and the influence of maternal effects are important for determining the economic efficiency of any sheep production system (SOUSA, 1999) . Genetic potential can thus be improved by using genetic evaluations for traits related to growth and subsequently selecting superior animals genetically and there is little information about it.
The genetic evaluation depends on the availability of accurate estimates of genetic parameters for the traits of interest. The accuracy of these parameter estimates depends on a number of factors, including the number of observations, the statistical model and the method for estimation of the (co)variance components (BARBOSA et al. 2008) . Bayesian inference using Gibbs Sampling has become a good option for the evaluation of genetic merit because it reduces the number of biased estimates, even when there is little data available.
This study aimed to estimate the (co)variance components and genetic parameters for growth traits (i.e., birth weight and weaning weight) of Santa Ines sheep in a two-trait analysis using Bayesian Inference.
MATERIALS AND METHODS
This study used records obtained from 2,111 Santa Ines lambs (both sexes), born between 1998 and 2008, belonging to an experimental herd of the Brazilian Agricultural Research Organization (Empresa Brasileira de Pesquisa Agropecuária -EMBRAPA Tabuleiros Costeiros), located in the town of Frei Paulo, in the semi-arid region of the State of Sergipe.
Birth weight (BWT) and weaning weight (WWT) were evaluated for growth traits. The weaning weight was adjusted to 90 days of age. Herd management practices were consistent throughout the data collection period.
The fixed effects considered were: sex, type of birth (i.e., single, twin and triplet) and contemporary group (defined by the combination of year and birth period). The birth periods were: JanuaryMarch, April-June, July-September, and OctoberDecember. Animals from quadruplet lambings were not included in the analysis due to the small number of such observations. In addition to fixed effects, the mixed model included random effects of direct and maternal additive genetic and residual:
where: = vector of records; = fixed effects vector; = fixed effects incidence matrix; = direct additive genetic random effects vector; = direct additive genetic random effects incidence matrix; = maternal additive genetic random effects vector; = maternal additive genetic random effects incidence matrix; = residual random effects vector.
To obtain the (co)variance components, Gibbs sampling was used in the Multiple Trait Gibbs Sampling for Animal Models (MTGSAM) program, described by Van Tassell and Van Vleck (1995) .
Gibbs sampling is an indirect technique that generates random variables from a marginal distribution without having to calculate the marginal probability density function. Given the conditional distribution of data and a priori densities, the combined a posteriori density of unknown parameters was calculated. Using this density, the conditional distribution of each variable was obtained, thus determining the remaining variables for the combined density. After marginal densities were established, basic statistics could be calculated for the a posteriori distributions (mean, mode and median).
The conditional distribution of y was assumed to be:
The model assumed that: is the (co)variance between direct additive genetic effects for i and j traits;
is the (co) variance between maternal additive genetic effects for i and j traits; is the (co)variance between residual effects for i and j traits, and when i=j, then these terms refer to the variances; and are the (co)variances between direct and maternal additive genetic effects for i and j traits.
The inverse Wishart distribution was used as the a priori distribution to estimate the (co)variance components, primarily due to computational efficiency, where an uninformative prior was utilized for all parameters analyzed. The Wishart density describes the distribution of the sum of squares and products for random variables that are normally distributed. Random effects were assumed to have a multivariate normal distribution, and the residual effects were assumed to be normally distributed.
Estimates of (co)variance components used in MTGSAM (threshold) were previously obtained by restricted maximum likelihood. The number of initial iterations was obtained randomly using a single chain with 200,000 iterations. Convergence diagnosis was conducted using R software with the Bayesian Output Analysis (BOA) package (Smith, 2005) .
The diagnosis proposed by Raftery and Lewis (1992) includes convergence to a stationary distribution and finds the chain size needed to accurately estimate the quantiles of the functions of the parameters. The BOA package user can specify the quantile of interest, the desired degree of accuracy for the estimation of this quantile and the probability of obtaining the desired degree of accuracy.
RESULTS AND DISCUSSION
The convergence diagnosis using the Raftery and Lewis (1992) method, as implemented by the BOA program, indicated a "burn-in" period and a sample interval smaller than 288 and 36 iterations, respectively, for all parameters. The small "burn-in" period could occur due to the use of (co)variance component estimates obtained previously using Restricted Maximum Likelihood.
If the number of specified iterations is adequate, the a posteriori sample means will be valid estimates of the a posteriori distribution of parameters. The accuracy of these estimates can be verified using the Markov error, which is inversely proportional to the length of the chain. In this study, the length of the chain was 200,000 iterations, and the Markov error was small for the genetic parameters of BWT (Table 1) , thus demonstrating the relative accuracy of these estimates. However, although the Markov errors were low for WWT (Table 2) , they were greater than those observed for BWT. The means, medians and modes of the genetic parameter estimates were similar for BWT (Table 1) , as expected for an a posteriori marginal density that follows a normal distribution. Yazdi et al. (1999) also observed similarities between the mean, median and mode for birth weight in the Baluchi breed. However, for WWT (Table 2) , this similarity was not observed for some parameters, which was possibly due to a smaller number of observations for the WWT trait.
While the estimate of (co)variance between direct and maternal effects was negative and close to zero for BWT, the high-density interval included both positive and negative values (Table 1) . These results are similar to those obtained by Van Wyk et al. (1993) and by Boujenane and Kansari (2002) , who reported estimates of -0.05 and -0.01, respectively. However, these results are unlike those obtained by Maria et al. (1993) , who obtained estimates that were negative and close to unity (-0.99). According to Yazdi et al. (1999) , because the prenatal growth of lambs occurs before the dam can provide an adequate uterine environment, it is expected that the genetic correlation is not high.
Never the less, for WWT, an average of -0.57 was observed for the (co)variance estimate, with a wide high-density interval (-1.96 to 0.62), indicating great variability for this estimate, thus corroborating the estimate of 0.60 measured by Van Wyk et al. (1993) . However, Boujenane and Kansari (2002) obtained a direct maternal (co)variance of -0.02.
The antagonism between the direct and maternal additive genetic effects may be due to natural selection. In mammals, dams exert a greater effect than sires on the phenotype of descendants because, in addition to their genetic contribution, they can also influence the offspring through the environment that they provide. Thus, growth traits, especially until weaning, are determined by two genotypes: the genotype of the animal itself (direct genetic effect) and that of the dam (maternal genetic effect). According to Sousa et al. (1999) , to increase genetic gain in breeding programs that select traits influenced by the maternal effect, it is necessary to obtain more information on this effect. Heritability can be overestimated if important maternal genetic effects are left out of the models, thereby reducing selection efficiency.
The estimate of direct heritability (Table 1) for BWT corroborates that estimated by Sarmento et al. (2006) , who obtained a value of 0.23 in a two-trait analysis. Yazdi et al. (1999) observed lower values for the mean (0.15) and mode (0.14), with smaller high-density intervals (0.09 to 0.23) than those found in this study (0.12 to 0.38). Boujenane and Kansari (2002) reported a heritability of 0.05. The results of this study indicate that there is genetic variability for selection for this trait. However, these different studies show that the results about the heritability of this characteristic are few conclusive and highlight the need for good use of databases with a correct statistical methodology.
The heritability estimated for WWT was lower (0.09) than that estimated for BWT (0.24). Similar results were observed by Sousa et al. (1999) who obtained lower estimates (0.04) at an age of 112 days (weaning) relative to the heritability of birth weight (0.37). Boujenaje and Kansari (2002) and Sousa et al. (2006) also obtained low estimates of heritability (0.06 and 0.11, respectively) for weaning weight at 90 days of age. However, Lôbo et al. (2006) reported a heritability of 0.56 for weaning weight at 90 days. According to Hanssen et al. (2003) , direct heritability generally tends to be greater than maternal heritability for growth traits. Weaning age can influence the heritability of weaning weight. Maria et al. (1993) reported a heritability of 0.34 for weaning weight at 60 days of age and 0.09 for weight at 90 days of age.
A mean maternal heritability of 0.34 was observed for BWT, indicating a strong maternal effect for this trait in lambs, highlighting the importance of maternal effect in sheep. Sarmento et al. (2006) observed a similar value (0.32). The heritability estimated in this study was higher than those obtained by Yazdi et al. (1999) , Quesada et al. (2002) and Lôbo et al. (2009) , who reported values of 0.14, 0.22 and 0.17, respectively. Boujenane and Kansari (2002) reported an even lower value (0.05), showing that this parameter is still inconclusive.
For WWT, the maternal heritability estimates (Table 2) corroborate those observed by Souza et al. (1999) and Sarmento et al. (2006) , who reported values of 0.26 and 0.24, respectively, for weight at 112 days of age, and by Lôbo et al. (2006) , who obtained an estimate of 0.27 for weight at 90 days of age. Riggio et al. (2008) reported a lower estimate (0.12) for weight at 90 days. The maternal heritability for WWT despite being smaller than the heritability of BWT also shows the good influence of maternal effect in sheep at weaning at 90 days old.
In this study, the estimate of the direct additive genetic correlation between BWT and WWT was 0.14, suggesting a low association between the two traits. This result indicates that selection for both traits should be conducted simultaneously. Simm et al. (2002) 
CONCLUSIONS
The breeding of Santa Ines sheep for meat production should take into consideration a simultaneous evaluation of birth weight and weaning weight, which are both important growth traits. The maternal heritability obtained in this study indicates that the maternal capacity of Santa Ines sheep has a strong influence on the traits evaluated; therefore, it is necessary to include this effect when considering the improvement of this breed.
